Stainless steels with unique corrosion resistance are used in applications with a wide range of fields, especially in the medical, food, and chemical sectors, to maritime and nuclear power plants. e low heat conduction coefficient and the high mechanical properties make the workability of stainless steel materials difficult and cause these materials to be in the class of hard-to-process materials. In this study, suitable cutting tools and cutting parameters were determined by the Taguchi method taking surface roughness and cutting tool wear into milling of Custom 450 martensitic stainless steel. Four different carbide cutting tools, with 40, 80, 120, and 160 m/min cutting speeds and 0.05, 0.1, 0.15, and 0.2 mm/rev feed rates, were selected as cutting parameters for the experiments. Surface roughness values and cutting tool wear amount were determined as a result of the empirical studies. ANOVA was performed to determine the significance levels of the cutting parameters on the measured values. According to ANOVA, while the most effective cutting parameter on surface roughness was the feed rate (% 50.38), the cutting speed (% 81.15) for tool wear was calculated.
Introduction
Due to its unique corrosion resistance, low heat conduction coefficient, and high mechanical properties, stainless steels are one of the materials most frequently encountered in many areas such as health, food, chemistry, marine, defense, and nuclear power plants, and their use continues to increase every day [1] [2] [3] . e Custom 450 is a martensitic stainless steel grade, which exhibits very good corrosion resistance (up to about 650°C), and its mechanical properties can be significantly increased by heat treatment methods. It exhibits excellent resistance to rusting and pitting in saltwater environment at about 20% [4] . Although many studies are available in the literature on the machinability of stainless steels, publications on Custom 450 grade are relatively limited. e low heat conduction coefficient and high mechanical properties of stainless steels make it difficult to process [5] [6] [7] . e various mechanical properties of different stainless steels are also important variables that determine machinability [8] . e high shear forces and heat generated during machining result in rapid wear of the tool, difficulties in discharge of the chip, and adhesion of the chip to the tool, resulting in a reduction in surface quality [3] . e feed rate and radius of tip of the cutting tool are significantly effective on the surface roughness. e increase in the depth of cut and the amount of progress causes the surface roughness values to rise [9, 10] . In addition, an increase in the feed rate increases the cutting forces, as expected, and with the increase of cutting speed, the cutting forces tend to get reduced [11] . Material of the cutting tool and its geometry, coating, and processes such as cryogenic processing are also effective on the processing of stainless steels [8, [12] [13] [14] [15] . Shrinkage of the radius of the insert causes wear to occur faster [16] . In milling operations of 316L stainless steel, notching and breakage occur in the cutting tool and the cutting forces increase considerably [17, 18] . e use of cutting fluid in the processing of stainless steels is another factor that influences the quality of the resultant piece [19] . In addition, the type and amount of cutting fluid used is one of the factors affecting the results in the cutting process [20] .
Ciftci examined the effects of the coating of cutting tool, cutting speed, and material of the workpiece on cutting forces and surface roughness in dry turning of the materials AISI 304 and AISI 316. He stated that the type of coating had an effect on cutting forces. He stated that the cutting speed did not cause a significant change in the cutting forces but significantly affected the roughness of the machined surface [12] . Basmaci et al. investigated the effect of feed rate, cutting depth, and cutting tool tip radius on cutting force and surface roughness in turning of the material 17-4 PH stainless steel [21] . Selaimia et al. examined the milling of X2CrNi18-9 austenitic stainless steels in different cutting parameters by means of dry coated carbide tools in terms of surface roughness, cutting force, cutting power, specific cutting force, and chip removal rate. ey stated that the amount of feed was effective on the surface roughness and the specific cutting force and that the cutting force and cutting power were affected by the depth of the chip [22] . Varghese et al. used coated carbide cutting tools to examine tool wear performance during dry milling of AISI 304 stainless steel, and they determined that the coating was removed and microcracks were formed at the end of the experiment [18] .
Using the Taguchi method, Kuram and Ozcelik subjected AISI 304 stainless steel to micromilling tests by means of end mill cutters with global tips. ey examined the effects of spindle speed, feed rate, and cutting depth on tool wear, cutting forces, and surface roughness. In their study, they defined the relationship between independent variables and dependent variables using regression and fuzzy logic. From the results obtained, they stated that both regression and fuzzy logic modelling could be used effectively to predict tool wear, cutting forces, and surface roughness [23] . Lin has determined the cutting speed, feed rate, and cutting depth as input variables in the milling of the stainless steel material. He attempted to optimize machinability in terms of the chip removal rate, surface roughness, and height of the burr formed [24] . In another study, Lin conducted a series of experiments to examine the formation of burrs and tool wear during milling of stainless steel. He stated that the burr height depended on the way of milling and that the changes in the cutting parameters could produce different types of burrs at the output edge. He stated that a large depth of cut caused formation of wave-shaped burrs, the edge was chiselled due to high feed rate, and small material masses could accumulate at high cutting speeds [25] . Shao et al. investigated the wear mechanisms of TiCN/TiN-coated carbide tools and machinability of the material during milling of stainless steel material containing 3% Co-12% Cr. ey also examined the relationship between cutting conditions, surface integrity, and tool wear. It was found that cutting tools with 17°rake angle inserts have longer life than that of a rake angle with 28°. SEM and EDX analyses were used to analyse wear and failure mechanism of the tool [26] .
Liew explored the wear of PVD-coated carbide and uncoated carbide tools during milling of STAVAX stainless steel materials at low speeds. When the cutting speed was increased from 25 to 50 m/min, no significant change was observed in tool wear. He found out that increasing the hardness of the workpiece from 35 to 55 HRC caused a significant increase in the wear of side surface and a change in the dominant wear mechanism. He stated that the coated tool demonstrated a much higher breaking resistance than the uncoated tool. In addition, he stated that the use of cutting fluid was an important factor in increasing tool life [27, 28] . Nordin et al. examined the tool wear caused by milling of austenitic stainless steel by multi-and single-layer-coated carbide tools. ey observed mechanical and chemical wear mechanisms and stated that crack formation was the most effective wear on the tool life. ey emphasized that multilayer coatings consisting of TiN and TaN were suitable for milling austenitic stainless steel [29] . Selinder et al. carried out experiments on the type and thickness of the coating of the cutting tools during the milling process of AISI 303 and AISI 304 materials. e results were obtained from the processing tests they carried out with the new coating they had produced, and they stated that it performed better compared to the single-layer PVD and CVD coatings [30] .
Junior et al. examined the effects of cutting fluid and lubrication on the machinability of stainless steel materials. ey exhibited that cooling and lubricating conditions strongly affected the tool life and tool wear mechanisms in the machining of martensitic stainless steel [31] . Nalbant and Yildiz experimentally examined the effects of cryogenic cooling on cutting forces in milling of AISI 304 stainless steel materials.
ey stated that cryogenic cooling and cutting speed were effective on cutting forces [32] . Fnides et al. investigated the impacts of factors such as cutting speed, feed rate, and depth of cut on surface roughness and material removed rate when machining in dry face milling AISI 1040 steel with coated carbide inserts GC1030 using the response surface methodology. For this purpose, a number of machining experiments based on statistical three factor and three level factorial experiment designs, completed (L27) with a statistical analysis of variance (ANOVA), were performed in order to develop mathematical models and to identify the significant factors of these technological parameters. It was determined that cutting speed is the most important parameter affecting the surface roughness [33] . In this study, it is aimed at determining suitable cutting tools and cutting parameters for surface roughness and cutting tool wear in face milling Custom 450 stainless steel. For the Taguchi method, milling tests were carried out using L16 test design. ANOVA was performed to determine the significance levels of the cutting parameters on the values measured.
Materials and Methods

Workpiece and Cutting Tool Materials.
Milling experiments were carried out at the Arion IMM-600 CNC vertical machining centre. e mean surface roughness values (R a ) were measured using Mitutoyo SJ-410 profilometre. A microscope with a digital magnification of 5 micron pixel size, 2592 × 1944 resolution, and a brightness reduction of 240 was used to observe tool wear. Tool wear values were measured using AutoCAD software. Custom 450 stainless steel material was cut to size 60 × 60 × 8 mm.
e chemical composition of the workpiece and some properties are given in Table 1 [35] . e cutting tools were obtained from different manufacturers as a result of identifying user recommendations and literature surveys. Cutting tools with a radius of 0.8 mm were mechanically connected to a single-hole tool holder with an Ø12 mm diameter. e features of cutting tools and tool holders are given in Table 2 . e cutting tests were carried out by milling without the use of cutting fluid. e cutting tool was centred on the 8 mm (depth of radial cut) part of the workpiece so that the axial cutting depth would be 2 mm. ree measurements were taken for surface roughness values, and averages were taken. Cutting tool wear was measured after 960 mm 3 of the chip were removed.
Test Setup and Analysis Methods.
In this study where the Taguchi method was used, surface roughness and cutting tool wear, which was formed during milling of Custom 450 stainless steel material, were investigated. e cutting tool (C t ), the cutting speed (V c ), and the feed rate (f ) were determined as the control factors, and 4 levels were selected for each control factor. e values of the levels were determined by a series of preliminary experiments based on literature and catalogue values. For the Taguchi method, the L16 vertical sequence was used as the experimental design. In Table 3 , control factors and levels are given.
In order to determine the appropriate levels of control factors, the condition with the lowest quality characteristic values should be determined. For this purpose, the signal/ noise (S/N) ratio was calculated using the "smallest best" objective function equation (1) . ANAVO was applied for the 95% confidence interval of the test results to determine the effects of control factors on quality characteristics. is was performed on the Minitab 17 program:
Results and Discussion
e average surface roughness values and tool wear values that came out during milling of Custom 450 stainless steel and the S/N ratios calculated through equation (1) are given in Table 4 .
Surface Roughness.
e main effect graphs obtained from the S/N ratios calculated for the surface roughness values are shown in Figure 1 . Also, order of significance of the S/N ratios to control factors for surface roughness values is given in Table 5 . When the main effect graphs in Figure 2 and the highest and lowest points of the S/N ratios in Table 5 are analysed, it is seen that while the most significant control factor having an influence on the surface roughness is feed rate (f), the others are cutting tool (C t ) and cutting speed (V c ).
When Table 4 is analysed, the lowest surface roughness value is measured as 0.375 μm in milling with the T1 coded cutting tool at a cutting speed of 40 m/min and in 0.05 mm/rev feed rate, and the highest surface roughness value is measured as 1.167 μm in milling with T3 coded cutting tool at a cutting speed of 80 m/min and in 0.2 mm/ rev feed rate.
Variance of surface roughness values resulting from the machining of the Custom 450 according to the cutting speed-feed rate interaction is shown in Figure 3 in the form of a surface graph. When the graph is analysed, it is seen that the surface roughness values are increased with an increase in the feed rate and the statistical calculations do verify this.
In order to determine the effect levels of control factors on surface roughness, ANOVA was performed, and the results are given in Table 6 . In this table, the degree of freedom (SD), the sum of squares (C t ), the quadratic mean (K o ), F ratio, P value indicating the significance level of control factors on R a , and the contribution rates (%) are given. According to the ANOVA result, a P value less than 0.05 is the indicator of statistically significant difference on the surface roughness value of the control factors. When Table 6 is analysed, it is seen that feed rate has an effect on the surface roughness of 50.38%, the cutting tool has 27.63%, and the cutting speed has 17.85%.
It is an expected result that the feed rate is the most effective control factor on the surface roughness value [10, 16] . e second control factor that is statistically significant on the surface roughness is the cutting tool. e surface roughness value resulting from machining is greatly affected by tool geometry, coating, and cutting tool surface [12, 14] . e cutting tools used in the experiments have similar geometry but are supplied from different manufacturers. In addition, experiments were carried out with coated and uncoated cutting tools with the same geometry. Each tool has its own tip forms and chip breaker forms (Table 2) Difference in section that makes the cutting and in the geometry of chip breaker section change the flow of chip formation and cutting geometry, resulting in changes in surface roughness values. It is seen that the third control factor, the cutting speed, was not statistically significant on the surface roughness (P value > 0.005). In the Taguchi method, after determining the levels of control factors which would yield the most appropriate results, validation tests should be performed in order to test the accuracy of the optimization. It is seen in Table 5 and Figure 2 that the levels of the optimum control factors for the surface roughness values according to the S/N ratios calculated with the "smallest best" objective function are A1-B1-C1. ese levels are present in the L16 test design, and the results of the test carried out will be used. e predictive minimum surface roughness value for these levels is calculated using equations (2) and (3) and is given in Table 7 .
Levels of the optimum control factors and results of the tests carried out are evaluated taking into account the confidence interval (CI) calculated using the following equation:
Calculation of test coefficient (η eff ), total number of tests, and sum of the degree of freedom of the control factors having a significant effect on the surface roughness value are calculated through equation (5) . F sdt is the average degree of freedom which is always 1, F sde is the error degree of freedom, and V e is the error variance.
e value of F 0.05,(1,υ e ) was determined from the F table taking into account the degree of freedom (SD) of error in Table 6 . υ T is the total degree of freedom of factors. Error variance in equation (4) (V e ) was figured out with the help of data in Table 6 . e confidence interval (CI) value for the surface roughness value was calculated as 2.9633 dB when the values calculated were replaced at equation (4). e comparison of the values calculated through the results of the validation test at the optimum levels of the control factors to the values calculated with the help of equations (2) and (3) are presented in Table 7 . e fact that difference between the S/N ratios of the results obtained from the validation tests and the S/N ratios of the values calculated using the equations (2) and (3) is − 0.6927 dB. When these values are compared, it is seen that the calculated value is quite small from the value of the confidence interval (2.9633 > − 0.6927). is result indicates that the optimization for surface roughness is appropriate.
Cutting Tool Wear.
As a result of milling of the Custom 450 material with carbide tools, flank wear occurred in the cutting tool, the width of the wear strip formed was measured, and the extent of wear was measured. e main effect graphs of the control factors, as a consequence of the cutting process, on the wear occurring on the cutting tool are given in Figure 4 , and in Table 8 , the S/N ratios calculated to determine the optimum cutting conditions for the wear values are presented.
It is seen that, in milling experiments, the most important control factor affecting the wear of the cutting tool is cutting speed (V c ) ( Figure 5 and Table 8 ). e feed rate, out of the control factors, is the second, and the cutting tool is the last one (Table 8) .
In Figure 5 , the change of cutting tool wears due to the cutting speed-feed rate interaction in the form of a surface graph. When the graph is analysed, it is seen that the growth in the wear value is clearly seen with increasing cutting speed. In addition, with the increase of the feed rate, a small amount of increase was seen in wear value as well.
ese results do verify statistical data. e energy required for conversion of plastic deformation into heat and the rise of the value of heat that is released due to the friction resulting from the contact of the cutting tool on the surface of the workpiece newly formed with the increase in the cutting speed is a result that is expected and is consistent with the literature [36] [37] [38] . For this reason, in the process of machining of materials with low thermal conductivity coefficient and high resistance, the cutting speed is an important factor on tool life. Figure 6 shows SEM and EDX analyses at four different cutting speeds for the T1 cutting tool. When the SEM images Advances in Materials Science and Engineering and EDX analyses are examined, the effect of the cutting speed on the tool life is clearly seen. Increased cutting speed increases the deformation in the cutting tool. e cutting speed was increased by 160 m/min, and the cutting tool was deformed to negatively affect the cutting process. At the same time, EDX analysis shows the presence of copper and chromium elements from the iron and alloy materials, which are the main material of the workpiece on the cutting tool. is is proof that the workpiece material has a tendency to adhere to the cutting tool although it is not dense on the cutting tool. Amount of tool wear measurement was determined by using a CAD software to determine a known length on the cutting tool in proportion to the wear size. 2400 mm 3 chips were removed in each tool wear test (Figure 7) . Surface roughness values resulting from machining processes are influenced by cutting tool geometry, coating, and surface of cutting tool. e geometry of the cutting tools used in this study is the same as the outlines. However, these tools are supplied from different manufacturers: one of the two cutting tools from the same manufacturer is coated, and the other is uncoated. e cutting edges and chip breaker geometries of these tools also differ. e geometry of the cutting edge and chip breaker makes the surface roughness different. In addition, even if the geometry of two different cutting tools is the same, the coating applied to the cutting tool also affects the surface roughness values. e results of the ANOVA carried out for the cutting tool are given in Table 9 . According to Table 9 , the cutting Advances in Materials Science and Engineering speed is effective on the wear of the cutting tool by as much as 81.15%, feed rate 10.39%, and cutting tool 4.02%.
In the light of the calculations taken in the surface roughness, verification tests should be carried out to test the validity of wear optimization. As shown in Figure 6 and Table 8, the optimum levels of control factors on the cutting tool wear were determined to be A1-B1-C1. e lowest possible wear value according to this order is calculated with the help of equations (2) and (3). Considering the confidence interval (CI) value with the help of equation (4), the validation test results with the levels of optimum control factors were evaluated. e CI value for cutting tool wear is calculated as 1.20 dB.
Given in Table 10 are the S/N ratios of the results obtained from the validation tests and the S/N ratios and the differences between them. As the difference between the S/N ratios of the results of the validation test and the S/N ratio of the predictive value is smaller than the CI value, it can be statistically said that the optimization is valid. ese results verify the levels of optimum cutting factors determined based on the Taguchi optimization method for tool wear.
Conclusions
In this study, Custom 450 martensitic stainless steel was subjected to milling experiments in dry conditions at the cutting parameters by means of carbide cutting tools in the face milling method, and the following results were obtained.
(i) It was identified that the control factor with the highest significance on average surface roughness was feed rate with 50.38%, and on the cutting tool wear, it was the cutting speed with 81.15%. (ii) An increase was observed, as expected, in the surface roughness value with the increasing feed rates. e lowest surface roughness values were obtained at the lowest feed rates. (iii) It is seen that the cutting tool is also effective on the surface roughness value. It is considered that these results are from the different coating types and geometries. (iv) It was seen that the cutting tool wear was significantly related to cutting speed. With the increased cutting speed, the wear on cutting tool also increased. is phenomenon is attributed to the fact that, with the increase in cutting speed, the temperature rises and asserts an adverse effect on the cutting tool life.
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